Submitted 2008 November 8; accepted 2009 March 3 

Preprint typeset using LSTjnX style emulateapj v. 1 0/09/06 



O 

o 

(N 



Or 

6 

in 



> 

(N 
O 
m 

cn 
o 

OS 

o 



X 



IDENTIFICATIONS OF FIVE INTEGRAL SOURCES VIA OPTICAL SPECTROSCOPY 

Suzanne C. Butler 1,2 , John A. Tomsick 2 , Sylvain Chaty 3 , Juan A. Zurita Heras 3 , Jerome Rodriguez 3 , Roland 
Walter 4 , Philip Kaaret 5 , Emrah Kalemci 6 , Mehtap Ozbey 7 

Submitted 2008 November 8; accepted 2009 March 3 

ABSTRACT 

The International Gamma-Ray Astrophysics Laboratory (INTEGRAL) is discovering hundreds of new hard 
X-ray sources, many of which remain unidentified. We report on optical spectroscopy of five such sources 
for which X-ray observations at lower energies (~0.5-10 keV) and higher angular resolutions than INTE- 
GRAL have allowed for unique optical counterparts to be located. We find that IGR J16426+6536 and IGR 
J22292+6647 are Type 1 Seyfert active galactic nuclei (with IGR J16426+6536 further classified as a Seyfert 
1.5) which have redshifts of z = 0.323 and z = 0.113, respectively. IGR J18308— 1232 is identified as a cat- 
aclysmic variable (CV), and we confirm a previous identification of IGR J 19267+ 1325 as a magnetic CV. 
IGR J18214— 1318 is identified as an obscured high mass X-ray binary (HMXB), which are systems thought 
to have a compact object embedded in the stellar wind of a massive star. We combine Chandra fluxes with 
distances based on the optical observations to calculate X-ray luminosities of the HMXB and CVs, finding 
Lo.3-10 keV = 5 x 10 36 erg s" 1 for IGR J18214-1318, L .3-io keV = 1.3 x 10 32 erg s" 1 for IGR J18308-1232, and 



£0.3-10 keV = 6.7 x 10 32 erg s" 1 for IGR J19267+1325. 
Subject headings: galaxies: Seyfert — novae, cataclysmic variables — techniques: spectroscopic — X-rays: 

binaries — X-rays: individual (IGR J16426+6536, IGR J18214-1318, IGR J18308-1232, 

IGR J19267+1325, IGR J22292+6647) 



1. INTRODUCTION 

Since its launch on October 17, 2002, the International 
Gamma-Ray Astrophysics Laboratory (INTEGRAL) has dis- 
covered hundreds of new hard X-ray sources. According 
to the most recent census, of the ^500 sources detected 
in hard X-rays at energies greater than 20 keV, 214 had 
not b een well-studied (or e ven detected in most cases) be- 
fore dBodaghee et al. 2007). These new sources are called 
"IGR" sources, for INTEGRAL Gamma-Ray sources. Of 
these IGR sources, 50 had been identified as active galac- 
tic nuclei (AGN), 32 as high-mass X-ray binaries (HMXBs), 
6 as low-mass X-ray binaries (LMXBs), and 15 as sources 
such as cataclysmic variables (CVs), supernova remnants, and 
anomalous X-ray pulsars, leaving 111 unclassified. Since this 
last census, much work has been done to identify the ^50% 
of unclassified IGR sources (corresponding to ~25% of all 
sources detected by INTEGRAL). Many have been identified 
as AGN, LMXBs and HMXBs, as well as relatively rare sys- 
tems such as heavily absorbed (i.e., "obscured") supergiant 
HMXBs, supergiant fast X-ray transients, and Intermedi ate 
Polar (IP) CVs (e.g.. lMasetfi et al.ll2009t IChatv et al.ll2008l) . 

INTEGRAL is particularly well suited for finding such sys- 
tems. Part of INTEGRAL'S Core Program involved scans of 
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the Galactic plane ( Wink ler et al.l l2003). One expects to find 
HMXBs here, as they consist of a neutron star or black hole 
accreting from a short-lived massive star, which would not be 
expected to move far from its birthplace in star forming re- 
gions of the Galactic plane. Other instruments observing at 
lower energies could not easily find these because of the ob- 
scuring dust and gas in the plane. Furthermore, objects such 
as obscured HMXBs, which consist of a compact object em- 
bedded in the stellar wind of a supergiant star, suffer obscura- 
tion not only fro m the intervening medium, but also from lo cal 
absorption (e.g., Rodriguez et al. 2003; Walter et al. 2006|). In 
addition, INTEGRAL has found disproportionately many IP 
CVs according to the previously known population statistics, 
since they emit at the se high energies m ore than non-magnetic 
CVs or polar CVs dBarlow et al.ll2006l) . Currently, less than 
10% of known CVs are magnetic. The majority of these are 
polars, so called since they show polarization of optical flux. 
These are systems in which the white dwarf has a magnetic 
field strong enough to synchronize the orbital period of the 
binary with the spin of the white dwarf. Intermediate po- 
lars have a weaker magnetic field that is not strong enough 
to cause synchronization, but they do display variability asso- 
ciated with the rotation of the white dwarf. Of the at least 15 
CVs detected by INTEGRAL, the vast majority are these rela- 
tively rare magnetic systems, with most of those being IPs. 

Identification of these unclassified sources requires obser- 
vations of the source in the optical and/or infrared. The IBIS 
imager on INTEGRAL is unique among hard X-ray/soft 7- 
ray detectors in that it is able to locate point sources w ith an 
accuracy on the order of arcminutes dGros et al.ll2003l) . To 
identify a unique optical or infrared counterpart, however, the 
error circle must be reduced to the level of (sub-)arcseconds. 
Thus, from the INTEGRAL position, soft X-ray telescopes, 
such as the Chandra X-ray Observatory, XMM-Newton, and 
Swift observe the region. This typically allows identification 
of the optical counter part, which can then be studied to yield 
an identification (e.g., Tomsick et al. 20061). 
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TABLE 1 

Observations: Kitt Peak Optical Spectroscopy 



IGR Name 



Optical Counterpart 



RA (J2000) 



Dec (J2000) 



Start Time (UT) Exposure Time (s) 



J16426+6536 
J18214-1318 
J18308-1232 
J19267+1325 
J22292+6647 



USNO-B1.0 1555-0172189 
USNO-B1.0 0766-0475700 
USNO-B 1 .0 0774-055 1 687 
USNO-B1.0 1033-0440651 
USNO-B 1.0 1567-0242133 



16 A 43 m 03 s .99 
18 A 21 m 19 s .72 
18*30 m 49 J .87 
19*26 m 27' 1 .00 
22' ! 29™13 I .90 



+65° 32'5 1 2" 2008 June 29, 4.0 h 3600 

-13°18'38 8" 2008 June 28, 9.3 h 3600 

-12°32'19 2" 2008 June 30, 8.8 h 1800 

+13°22'04 4" 2008 June 28, 10.6 h 3 X 600 

+66°46'51 9" 2008 June 30, 11.2 h 827 



2. OBSERVATIONS AND ANALYSIS 

We targeted INTEGRAL sources that had also been ob- 
served in soft X-rays, which allowed the position to be nar- 
rowed down from the INTEGRAL error circle (on the order 
of arcminutes) to less than 10". IGR J18214-1318, IGR 
J19267+1325, and IGR J18308-1232 were observed by the 
Chandra X-Ray Observatory, providing positions with 90% 
confidence uncertainties of 0.64" (Tomsick et al. 2008 a, b 
and in preparation ). IGR J22292+6647 was observed by Swift 
dLandi et al.ll2007l) . which reduced the position uncertainty to 
3.6". IGR J16426+6536 has one XMM-Ne wton source with 
a la uncertainty of 8" (llbarra et al.ll2008al) and two ROSAT 
sources within the INTEGRAL error circle. Optical/infrared 
counterparts for IGR J18214-1318 and IGR J19267+1325 
were reported with the X-ray observations. We searched the 
USNO-B 1.0 and 2MASS catalogs for optical and infrared 
counterparts to the other sources. IGR J18308— 1232 and IGR 
J22292+6647 both have one optical/infrared counterpart. The 
X-ray sources associated with IGR J16426+6536 have three 
possible optical/infrared counterparts, and we observed the 
brightest optical source in the XMM-Newton error circle. 

Images from the Digitized Sky Survey (DSS) showed a 
clear counterpart for all sources except for IGR J 1 82 14-1318. 
A clear image of this source is seen in Figure Q] from the 
medium resolution spectrometer TFOSC (TUBiTAK Faint 
Object Spectrometer and Camera) which is mounted on the 
Russian-Turkish 1.5 m telescope (RTT150) located at Turkish 
National Observatory (TUG), Antalya, Turkey. The camera 
is equipped with a 2048 x 2048, 15 /jm pixel (0.39" pixel-1) 
Fairchild 447BI CCD chip. We took three 300s observations 
of the field in B, V, R and I filters on 2008 August 22, and only 
detected the source in the I band. After the standard bias and 
flat correction, we obtained the instrumental I magnitude of 
the counterpart using DAOPHOT in MIDAS. We carried out 
point spread function photometry for the corrected image to 
obtain the instrumental magnitude, and calibrated it by com- 
paring to the magnitudes of the reference stars, which were 
obtained from the USNO-B 1.0 catalog. 

Between 2008 June 28 and June 30 we carried out spec- 
troscopy of these targets with the RC Spectrograph on the 4- 
meter Mayall Telescope at Kitt Peak National Observatory. 
We provide an observing log in Table Q] We used a slit width 
of 1 .5", and rotated the slit to the parallactic angle. The wave- 
length range covered from 4750 to 9500 , with a dispersion 
of ~3.4 /pixel and a resolution of 13.8 . 

After applying the flat field correction, subtracting the bias 
and dark current, and removing cosmic rays, we extracted the 
spectra with standard procedures in IRAF (Image Reduction 
and Analysis Facility). We observed arc lamps for wavelength 
calibration immediately preceding and following each source. 
Checking against background sky lines, we find agreement to 
within ^3 . We also observed spectrophotometric standard 
stars Feige 1 10 and BD +33° 2642 for flux calibration. Con- 




FIG. 1.— I-band image of the field of IGR J18214-1318 with the source 
(/ ~ 17 mag) indicated. The white circle is the Chandra error circle of 0.64". 
Three 300s exposures are combined, and the image is 40" X 40" and oriented 
so north is up and east is to the left. 

ditions were variable throughout each night, making the flux 
calibration somewhat uncertain. We report fluxes using a sin- 
gle observation of Feige 110 for calibration because it falls 
roughly halfway between the other observations in flux, pre- 
sumably providing a good indication of the average condi- 
tions. Note that using the other observations can change the 
flux measurements by up to ~15%. All lines and their param- 
eters are reported in Table [2] 

3. RESULTS 

3.1. IGR J 16426+6536 

IGR J16426+6536 has one XMM-Newton sle w source at 
a(7200 0) = 18 ft 17 m 22 s , <5(/2000) = -25°08'38" (llbarra et alJ 
2008a) and two ROSAT sources within the INTEGRAL error 
circle. There is one USNO-B 1.0 source within one of the 
ROSAT error circles and none in the other. The XMM-Newton 
source has two USNO-B 1.0 sources within its 8" (la) error 
circle. We observed the brighter of the two sources (USNO- 
B1.0 1555-0172189) in the XMM-Newton error circle. 

This spectrum has redshifted emission lines, including 
broad Balmer lines and narrow forbidden lines (Figure^), in- 
dicating that this source is a Seyfert 1 AGN. This is congruous 
with its position out of the Galactic plane, with Galactic coor- 
dinates / = 96.64°, b = +37.65°. To further classify the source, 
we use the scheme described in Winkler (1992), namely, 
the ratio of the flux in H(3 A4861 to that in [OIITJA5007, 
where these are the laboratory wavelengths. After dered- 
dening the spectral l ines using the Galactic absorption from 
ISchleeel et al.l dT998l) along with the extinction law from 
ICardelli et alJ I (fl989 ), we find F(486 1)^(5007) = 1.5 ±0.1, 
which makes this a Seyfert 1.5 galaxy. Calculating the red- 
shift from both Hj3 and [OIII]A5007 and averaging, we find 
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TABLE 2 
Spectral Lines of IGR Sources 



Line 


Quantity" 


J16426+6536 


J18214-1318* 


J18308-1232 


J19267+1325 


J22292+6647 






(AGN) 


(HMXB) 


(CV) 


(CV) 


(AGN) 


Ha 


EW 


290 ± 4 C 


<4.3 


26±1 


64±1 


760 ± 20 c 




Flux 


13.8±0.2 C 


< 0.1 


7.7 ±0.2 


28.4 ±0.2 


27.2±0.8 r 




Xfjt 


8683 ±3 C 




6562 ±3 


6564 ±3 


7307 ± 3 C 


H/3 


EW 


46±2 




9.7±1.3 


49±2 






Flux 


2.0±0.1 




3.1±0.4 


15 ±1 






A fit 


6430 ±3 




4860 ± 3 


4859 ±3 




H 7 


EW 
Flux 

^ fit 


25±3 
1.0±0.1 
5746 ±4 










[O III] A4959 


EW 
Flux 

X fii 


7.2± 1.1 
0.32 ±0.05 
6560 ±3 










[O III] A50O7 


EW 
Flux 

^ fit 


32±1 
1.4±0.1 
6624 ±3 










O I A7772, 7774, 7775 


EW 
Flux 

X fit 








2.2 ±0.4 
1.2±0.2 
7774 ± 3 




He I A4921 


EW 
Flux 

Xfit 








4±1 
1.1 ±0.4 
4920 ±4 




He I A5015 


EW 
Flux 

Xfit 








5±1 
1.5±0.3 
5015 ±3 




He I A5876 


EW 
Flux 

"fit 






4.6±0.6 
1.4 ±0.2 
5874 ±3 


12 ± 1 
5.0 ±0.2 
5876 ±3 




He I A6678 


EW 
Flux 

-V» 






3.8±0.5 
1.2±0.2 
6677 ±3 


8.2 ±0.4 
3.8 ±0.2 
6678 ± 3 




He I A7065 


EW 
Flux 

-V» 






2.9 ±0.5 
0.91 ±0.15 

7063 ±3 


6.1 ±0.4 
3.1±0.2 
7065 ± 3 




He II A5412 


EW 
Flux 

\fU 








5.1±0.9 
1.8 ±0.3 
5412±3 





confidence level. Note that the line flux is also subject to the 15% systematic uncertainty in overall flux level, which is not included here. The wavelength from 
the Gaussian fit is Xfj,, and the error is dominated by the ~ 3 uncertainty in wavelength calibration. 

*The fitted wavelengths of the Paschen and He I absorption lines are A P9 = 9234, \ Pl0 = 9016, X P[l = 8865, A/>i 2 = 8753, A P13 = 8669, A P15 = 8545, A PI6 = 8501, 
Ap 17 = 8469, \ H e i = 8780. 

' Ha is blended with [N II] lines. 



Z = 0.323 ±0.001. Though we did not observe all possi- 
ble sources within the INTEGRAL error circle, the identifi- 
cation of the one we did observe as an AGN allows us to con- 
clude that this is ver y likely the counterp art of the INTEGRAL 
source. We note that Mas etti et alJ {2009) came to similar con- 
clusions from their spectroscopic analysis. Although we iden- 
tify it as a Seyfert 1.5, while they find that it is a Seyfert 1, 
there were several months between the o bservations, and t his 
level of variability is not unheard-of (e.g jTran et alj[l992h . 

With a redshift of z = 0.323, this source is at a luminos- 
ity distance of D L = 1690 Mpc, using Ho = 70 km s" 1 Mpc" 1 , 
f^M = 0.3, and J7a = 0.7. We calculate the mass of the super- 
massiv e bl ack hole using the relations described in IWu et alJ 
(HH and Kaspi et al. (2000). To use the relations, we recal- 
culate the luminosity distance with the cosmological param- 
eters used in those papers, Hq = 75 km s" 1 Mpc" 1 , 17m = 1, 
and f^A = 0. This gives Z\ = 1380 Mpc, from which we 
find the luminosity in H/3 (dereddened as described above), 
Lh/3 = 4.9 x 10 41 erg s" 1 . Combining this with the rest-frame 



FWHM velocity of the broad line region (from Hj3), v'fwhm 
2000 km s" 1 , gives a black hole mass of M Bli = 9 x 10 6 M 



3.2. IGRJ18214-1318 

IGR J18214— 1318 was observed by Chandra, which 
found one source at a(72000) = 18 /, 21 m 19 s .76, (5(72000) = 
-13°18'38 9", coinciding with USNO-B1.0 0766-0475700. 
The X-ray spectrum yields a column density of /Yh = 
(11 .7^ °) x 10 22 cm" 2 and T = O.Tq 6 5 - With a Galactic hydro- 
gen column density of Nh = 2.4 x 10 22 cm" 2 , this implies a 
local absorption of Nh = (7- 15) x 10 22 cm" 2 , which was sug- 
gested to be from the wind of a high-mass star dTomsick et alJ 
2008a). This source was also observed by Swift, which 
found a position and photon index consistent with that ob- 
tained by Chandra, but a lower hydrogen column density of 
A^h = (3.5^° j) x 10 22 cm" 2 , indica ting that 7Y H is variable in 
this source (Rodriguez et al. 2009). 

We find that the optical spectrum has a very reddened con- 
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tinuum (Figured). From this, we infer that the source is rel- 
atively distant, since significant reddening would be expected 
for a distant source in the Galactic plane (I = 17 .69° ,b = 
+0.48°) . Co nvolving the spectrum with the filters from 
iBesselll (fl99(il) . we find V = 22.2 ± 0.2, R = 19.3 ± 0.2, / = 
16.6 ±0.2, where the errors are from the 15% systematic un- 
certainty in flux. We note that the I band magnitude from 
the photometric observation made at TUG, / = 16.92 ± 0.17, 
agrees within the errors. We first consider the possibility that 
the source is a CV. Combining the apparent magnitudes with 
typical absolute mag nitudes for CVs {My ~ 9 and (V-R)o ~ 
(Mase tti et al.l 12009)) and a range of extinctions from Ay = 
5-15 mag results in distances that range from d = 4-440 pc. 



FIG. 2.— Optical spectra of (a) IGR J16426+6536, an AGN, (b) 
IGR J18214-1318, an HMXB, (c) IGR J18308-1232, a CV, (d) IGR 
J19267+1325, a magnetic CV, and (e) IGR J22292+6647, an AGN. The la- 
bels "IS", "DIB", and © indicate interstellar emission lines, diffuse interstel- 
lar background, and telluric absorption lines, respectively. 

This distance range is far too close to account for the observed 
amount of extinction (assuming the optical extinction is in- 
terstellar). Furthermore, the spectrum lacks emission lines, 
while a CV would be expected to have strong emission lines. 
These arguments allow us to rule out the possibility that the 
source is a CV. Applying the same procedure to check for the 
possibility of an LMXB, we combined the apparent magni- 
tude, the typical absolute magnitude for an LMXB (My ~ 
and (V -R) - ( Ivan Paradiis & McClintockll 19951) ). and the 
same range of extinctions. In this case, the distances range 
from d = 300-28000 pc, which are not inconsistent with the 
amount of extinction, but the source has a hard X-ray spec- 
trum which would be very unusual for an LMXB ( Muno et al. 
120041) . 

These considerations allow us to conclude that it must be 
either an HMXB or a symbiotic star system. In Figure [3] 
spectra l shapes typi c al of b oth are interpolated from the col- 
ors in iDucati et al.l (1200 ll) and plotted with extinctions of 
Ay = 5,7.5, 10, 12.5 , and 1 5, using the extinction relations 
from ICardelli et al.1 (119891) . The infrared magnitudes from 
DENIS and 2MASS (reported in Tomsick et al. 2008a) along 
with the optical spectrum for the source are overlayed. These 
show that the data are consistent with a B0V star or an 091 
star with extinction of A v = 12.5- 15. The model K2III star 
spectra provide a worse fit to the data. The J-band magni- 
tude requires an extinction of Ay ~ 7.5, while the optical data 
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FIG. 3. — The smooth lines are spectral shapes of B0V, 091, and K2III stars 
interpolated from published colors with varying degrees of extincion. Start- 
ing from the top line, the spectra are plotted with A\ = 5,7.5, 10, 12.5, and 15. 
All are normalized to have the same K magnitude. The squares indicate the 
DENIS magnitudes, and the diamonds indicate the 2MASS magnitudes of the 
optical counterpart of IGR J18214-1318. The spectrum taken at Kitt Peak is 
plotted with dotted lines overlayed to indicate the upper and lower bounds 
due to the 15% uncertainty in flux calibration. 



are consistent with Ay = 10- 12.5. Further evidence support- 
ing an HMXB is shown in Figure|4j which is a close up of the 
near-infrared region of the spectrum. Several Paschen absorp- 
tion lines and one neutral Helium line are observed (although 
P14 is no t observed). These lines are indicative of an O or B 
star (e.g JCarroll & Ostlidl2lM iMunari & Tomasellall 19991) . 




8600 8800 9000 

Wavelength (A) 



9200 



FIG. 4. — Close up of the red portion of the spectrum for IGR J18214-1318. 
The dot-dashed lines indicate where the Ca II triplet would be located. The 
label "DIB" indicates the diffuse interstellar background. 

As a check, we indicate the positions of the Ca II triplet with 
the dot-dashed lines, and confirm that the absorption is more 
consistent with Paschen lines. In addition, other Paschen lines 
(P12, PI 1, P10, P9) are clearly detected. We also note that the 
upper limit on the equivalent widt h of Ha is cons istent with 
Ha equivalent widths of OB stars (lLeithereri l988). Thus, we 
firmly identify the optical source as a high mass star. 

The Galactic hydrogen column density combined with the 
relationship between vis ual extinction and hydrog en col- 
umn density detailed in iPredehl & Schmittl (I 19951) (A v = 
0.56A'//[10 21 cm" 2 ] + 0.23) gives a visual extinction of Ay = 
13.7, which is consistent with the extinction inferred from 
colors for stars of type B0V and 091. Considering a r ange 
of spe ctral types and using absolute magnitudes from ICoxl 
( 120001) with A v = 13.7, we find distances that range from 
d = 3 - 7 kpc for B0 V to 05 V stars and d = 9 - 1 kpc for A0I 
to 091 stars, giving an overall distance range of d = 3- 10 kpc. 
Howe ver, using the general relation of 2 Ay /kpc (Tielens 
120051) . the lower limit of visual extinction (Ay = 12.5) implies 
a distance of at least 6 kpc, suggesting that the most likely 
distance range is d = 6 — 10 kpc. In addition, the observed 
variation in hydrogen column density argues in favor of a su- 
pergiant (and, therefore, a distance near the upper end of the 
range), since HMXBs with supergiant companions are known 
to show variations in column density (iPrat et a l. 2008). 

3.3. IGR J18308-1232 

IGR J18308— 1232 was observed by Chandra, which 
found one source at a(72000) = 18' , 30'"49 ! .94, 5(72000) = 
-12°32'19 1", coinciding with USNO-B1.0 0774-0551687. 
The X-ray spectrum gives a hydrogen column density of 
N H = (3.1^) x 10 21 cm" 2 and T = 0.41^;^, where the er- 
rors are at the 90% confidence level (Tomsick et al. in 
prep.). Note that thi s source is referred to as IGR J 18307- 
1232 in llbarra et alj d2008bl) . where they report an XMM- 
Newton slew-survey counterpart at a(72000) = 18 /, 30 m 49 ;t .6, 
(5(72000) = -12°32'18" with a la uncertainty of 8", consis- 
tent with the Chandra position. 

The optical spectrum shows Balmer, Paschen, and Hel lines 
in emission (Figure [2}:), all con sistent with z = 0. These 
lines are typical of both CVs (IWarnerill995l) and LMXBs 
(Ivan Paradiis & McClintockll 19951) . but the hard X-ray spec- 
trum is typical for a CV, and, as noted above, is not expected 



6 



Butler et al. 



for an LMXB. Using the hydrogen column density and the 
aforementioned relation between column density and visual 
extinction, we find Ay = 2.0+} \. Convolving the spectrum 
as described in the previous section gives V = 17.7 ±0.2, 
R = 17.1 ± 0.2, and / = 16.4 ± 0.2. Combining the magnitude 
and visual extinction with the typical values fo r CV absolute 
magni tudes listed above, we find d = 220+jgo pc. Mase tti et alj 
(2009) also identify this as a CV. They find a larger distance, 
although it agrees within the uncertainties, of d = 320 pc as a 
result of using USNO-A2.0 magnitudes (which are fainter for 
this source) and a different method of calculating extinction 
(which resulted in lower extinction). 

3.4. IGR J19267+1325 

IGR J 19267+ 1325 was observed by Chandra, which 
found one source at a(72000) = 19' ! 26'"26 s .99, (5(72000) = 
+13°22'05 1", coinciding with USNO-B1.0 1033-044065. 
Although the source for IGR J 19267+ 1325 falls just outside 
of the 90% confidence INTEGRAL error circle, it was the 
only bright X-ray source Chandra found in the area. Fitting 
the X-ray spectr um gives A^h = (2.1 ± 0.9) x 10 21 cm" 2 and 
r = 0.68 ± 0. 1 3 dTomsick et al.ll2008bl) . 

The optical spectrum shows Balmer, Paschen, Hel and 
Hell emission lines at z = (Figure [2}i). These lines, along 
with the hard X-ra y spectrum, suggest a CV nature (e.g., 
iMasetti et al.l 120091) . Furthermore, the Hell line and large 
equivalent w id th of H(3 (49 ± 2) sug gest a magne t ic CV 
dSilberill992l) 8 . ISteeehs et al.1 (2008) and lMasetti et aD (2009) 
also identify this source as a probable magneti c CV. The 
equivalent widths reported by Mase tti et al.l (120091) ma tch our 
findings (EWna = 64 ± 1 ), while Steeghs et al.ld2008l) find an 
equivalent width of Ha equal to 120 . Based on two measure- 
ments from the INT Photometric H-Alpha Survey (IPHAS), 
they find moderate short term variability in Ha of 0. 1 mag, 
which is not large enough to explain the difference in equiv- 
alent widths found, though there could be a larger maxi- 
mum variability . Based on t he det ection of a periodicity in 
Swift-XRT data, [Evans et all d2008l) confirm that it is a mag- 
netic CV, identifying it as an intermediate polar CV. Using 
the hydrogen column density and the relation between vi- 
sual extinction and hydrogen column density mentioned pre- 
viously, we find Ay = 1.4 ±0.7. Convolving the spectrum 
as described above, we find magnitudes of V = 17.4 ±0.2, 
R= 16.7 ±0.2, and/= 15.8 ±0.2. We combine the magnitude 
and visual extinction with the typical values of CVs above to 
fin d d = 250 ± 80 pc. T his distance is lower than that found 
bv IMasetti etaTI (12009). d = 580 pc, for the same reasons as 
forIGRJ18308-1232. 

3.5. IGR J22292+6647 

IGR J22292+6647 was observed by Swift, which found a 
source at a(72000) = 22 /, 29" 1 13 ! .5, (5(72000) = +66°46'51 8", 
coinciding with USNO-B1.0 1567-0242133. There is a radio 
source at this location (87 GB 222741.2+663124), d escribed 
as an asymmetric double ([Gregory & Condonl 1 19911). which 
suggests this may be an AGN dLandi et alJl2007ll2009l) . This 
is congruous with its position out of the Galactic plane, with 
Galactic coordinates / = 109.56°, b = +7.69°. 

The optical spectrum has a flat continuum dominated by 
one strong and broad emission line (Figured). If we assume 
that the strong feature is Ha, we find a redshift ofz = 0.113± 

8 See http://asd.gsfc.nasa.gov/Koji.Mukai/iphome/issues/heii.html 



0.001. The broad hydrogen line indicates this is a Seyfert 1 
AGN. 

4. DISCUSSION AND CONCLUSIONS 

We have firm identifications of five IGR sources. IGR 
J18308-1232 and IGR J 19267+ 1325 are CVs. They have dis- 
tances on the order of a couple hundred parsecs, which is typ- 
ical of other CVs detected by INTEGRAL (e.g.. lBarlow et all 
l2006t IMasetti et aT] |2006i). The column densities from X-ray 
observations imply extinctions that are rather large given the 
distances we find. For example, IGR J 19267+ 1325 is found 
to have 1 .4 magnitudes of extinction at a distance of 250 pc, 
while typical average extinction is Ay = 2 mag kpc" 1 dTielensI 
l2005h . However, more reasonable distances and extinctions 
are feasible within the uncertainties. This could also mean 
that some of the X-ray absorption is intrinsic to the source. 
The identification of IGR J 19267+ 1325 as a magnetic CV 
is not surprising, and, in fact, IGR J 18308— 1 232 w as also 
identified as a magnetic CV by IMasetti etaTI (120091) . As a 
result of the hard X-rays emitted by magnetic systems, the 
majority of CVs det ected by INTEGRAL have been magnetic 
dBarlow et al.112 006) even though such systems only comprise 
~ 10% of the CV population as a whole. INTEGRAL obser- 
vations of CVs, therefore, unambiguously show that the mag- 
netic field plays an important role in the hard X-ray emission 
of these systems. 

We conclude that IGR J 1 82 14-1 3 1 8 is an obscured HMXB. 
It has an extremely reddened continuum, indicating much ab- 
sorption along the line of sight, which implies a fairly large 
distance. It has absorption lines that are typical of a high mass 
star, and the observed colors and flux are consistent with an 
extincted high mass main sequence or supergiant star (and the 
variable hydrogen column density may argue for the latter). 
In addition, the X-ray spectrum shows significant local ab- 
sorption, which could come from a wind from a high mass 
star. An infrared spectrum may be one way to further classify 
the companion star. The infrared suffers less extinction than 
the optical, and more features would be observable. A higher 
resolution spectrum would also be valuable in identifying the 
luminosity and exact spectral class. 

It is instructive to compare the X-ray luminosities for 
the above sources to typical HMXBs and CVs. In the 
Chandra band (0.3-10 keV), IGR J18214-1318 has an un- 
absorbed 0.3-10 keV flux of (60!^ 7 ) x 10" 12 erg cm" 2 s" 1 
dTomsick et al.ll2008al) . Taking a distance of 8 kpc, this re- 
sults in a luminosity of 7-o.3-iOkeV = 5 x 10 36 erg s" 1 . This 
is consistent wit h the average properties of neut ron star 
HMXBs given in Ivan Paradiis & McClintockl (|1995l) . While 
the hard X-ray spectrum and luminosity argue for a neu- 
tron star, detection of X-ray pulsations would be necessary 
to rule out a black hole. IGR J18308— 1232 has 7b.3-io keV = 
(2.3^0 4) x 10~ n erg cm" 2 s" 1 (Tomsick et al. in prep.), which 
implies a luminosity of Lo.3-iokeV = 1.3 x 10 32 erg s" 1 with 
our calculated distance (220 pc). The INTEGRAL flux from 
20-100 keV of 7? n-4n k R y = 0-8 ±0 . 1 mCrab and 740-100 keV = 
1.0±0.2mCrab (IBird et all 120071) implies a luminosity of 
£20-100 keV = 9 x 10 31 erg s" 1 . We compare this lum i nosity 
to known intermediate polar CVs inSuleim anov et all (120051) 
over the energy range 0.1 - 100 keV, assuming the flux from 
the range where we lack data is of the same order as that from 
the Chandra range (a reasonable assumption, given the spec- 
tral shapes in the above paper). Our luminosity falls in the 
range of known IP CVs, although it is on the low end. IGR 
J19267+1325 is a similar case. Its flux in the Chandra band 
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FIG. 5. — The solid line is the number of Seyfert galaxies detected by IN- 
TEGRAL and the dotted line is nu mber of IGR Seyfert galaxies as a function 
of redshift iBodaghee et al. 20071). The arrows indicate IGR J22292+6647, 
with z = 0.1 13, and IGR J16426+6536, with z = 0.323. 



is Fp.3- 10 kev = (8.9 ± 0.6) x 10" 12 erg cm" 2 s" 1 (iTomsick et al l 
2008b), which implies a luminosity of Lo.3-iokeV = 6.7 x 
10 32 erg s" 1 with our calculated distance (250 pc). The INTE- 
GRAL flux of ^20 -40 kev = 0-7 ± 0. 1 mCrab and /^o-ioo kev = 
0.6 ± 0.2 mCrab dBird et all 120071) imphes a luminosity of 
L20-100 kev = 8 x 10 31 erg s -1 . Again, this results in a total 
luminosity on the low end of the range of known CV lumi- 
nosities. These low values could be an indication that the dis- 
tances lie at the high end of our error range. 

IGR J16426+6536 and IGR J22292+6647 are Seyfert 1 
AGN, and IGR J16426+6536 is further classified as a Seyfert 
1.5 AGN. The 127 7AT£G/ML-detected Seyferts (which have 
an average redshift z = 0.033) and the 34 IGR Seyferts 
(with average redshift z = 0.035) are plotted in Figure [5] 
With redshifts of z = 0.323 and z = 0.1 13, respectively, IGR 



J16426+6536 and IGR J22292+6647 are considerably more 
distant than average. In fact, IGR J16426+6536 is an in- 
teresting case since it is the highest redshift IGR Seyfert, 
though there is one 7AT£G/ML-detected Seyfert, PKS 0637- 
752, with a higher redshift of z = 0.65 1 . 
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